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Flight tests have  been =de on e. sugersonic-type  propeller designed 
for  a formrd  Mach nmioer of 0.95, advance r a t i o  of 2.2, and power 
coefficient of 0.26. Pover  and thrust   distributions snd section e-PZi- 
ciency were determined  over a range of for iard Mach numbers to 0.9 i n  

I 

. l eve l   f l igh t .  

A t  En advznce r a t i o  of 2.2, forward  Mch nmnber of 0.9, and power 
coefr"icient of 0.21, blase-section  efficiencies were measured t o  be a 
maxim of 83 percent. Measured thrust distributions are of miform 
shape w i t h  no thrus t  breakdown zpparent.  These features are generally 
associated w i t h  efficielr-t  operation. Power distributions which show 
section power absorption .are also preseoted. 

INTRODUCTION 

A fligh% t e s t  progran t o  study  the  operation of e serles OT pro- 
pel lers  under representative  conditions  extending from zero to near- 
sonic I"orwar6 Mach numbers has  been in i t i a t ed  8s  EL j o in t  A i r  Force-Navy- 
NACA e f for t .  The purposes of the progrem -e t o  study  problems which 
are  not adapte,ble t o  wind-tunnel research, t o  evaluate  the effects on 
the  eerodynaaic c k a c t e r i s t i c s  of: iiesign compromrlses necessary t o  
obtain  serviceable flight installations,  t o  verisfy results of tunnel 
and theoretical  hvestig&,ions,  an6 t o  explore  and  define (through 
actual flight experience)  problems which may be skudied i n  detzil by 
subsequent ground research. 

I 

The tests reported  herein are concerned w i t h  the problem of t'le 
effect  of design  dvance  ratio on the  characterist ics of propellers 
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intended to operate  at  high-subsonic (0.95) flight  Mach  numbers. The 
blades  are  designed  for an advance  ratio  of 2.2 and are of  the  super- 
sonic  type,  characterized  by  the  fact  that all sections  operate  at  super- 
sonic  resultant  Mach  numbers  in  order  to  attain an optimum  advance  angle 
for maximum profile  efficiency.  The  philosophy  behind  the  supersonic- 
propeller-design  concept  has  been  described  in  several  reports,  for 
example,  references 1 t o  3. Very  little f l i g h t  experience is presently 
available on this  type  of  propeller and considerable  interest  centers 
around the. question of whether f l i g h t  efficiencies  comparable  with  pre- 
dicted  efficiencies  are  available.  These  propeller  blades  are  considered 
to  represent  the  best  current  practice in achieving a cornpromisembetween 
aerodynamic  and  structural  considerations  in  order to obtain  adequate 
se-mice  capabilities. 

The  propeller  research  vehicle  used for the  program  is a McDonnell 
m-88~ airplane  modified  by  installation of a turboprop  engine in the 
nose.  "lie  propeller  research  vehicle is instrumented to provide  both 
force-test  data and slipstream-survey  data.  The  survey data provide 
'information  relative  to  section  operation,  that  is,  the  radial  distri- 
bution of power  absorption,  thrust, a d  section  efficiency.  This  is  the 
first  time  that  section  efficiencies  have  been  measured  on a supersonic- 
type  propeller.  Because of the  generally  accepted  uncertainty  of  the ' 
performance of propellers  in  transonic  flight,  this  paper  is  being  pre- 
sented to show section  efficiencies  measured  in  flight under these 
conditions.  Difficulties  with  the  force-measuring  system  preclude  inclu- 
sion of total-efficiency  data  in  the  present  paper. 
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SYMBOLS 

are=  of  propeller  disk, sq ft 

blade  chord, ft 

specific  heat  at  constant  pressure, 6006 f%-lb/sIug/- 

propeller  power  coefficient, - P 
pn3D5 

propeller  diameter,  ft 

acceleration  due  to  gravity, 32.2 ft/sec 2 

t o t d  pressure, Y D / S ~  ft 

total-pressure  rise  in  slipstream, lb/sq ft 
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h blade thickness, f t  

3 propeller advance ra t io ,  V/.D 

M free-stream Mach  number 

Mt 
MX blade section Mach  number at  design  forward Mach number of 0.95 

propeller-tip Mack? nunber 

n propeller  rotational speed, r p s  

P power, ft-lb/sec 

dP incremental power, ft-lb/sec 

dHP incremental horsepower, aP/55O 

P stat ic   pressure,  lb/sq f t  

Rg perfect gas  constant, 53.13 

r rsdius of an element on blade 

r S  radial dkens ion   to  survey measurement 

R propeller  radius, f t  

T thrust ,  l b  

dT incremental  thrust, lb 

V velocity,   f t /sec 

AV incrementzl  velocity change of  propeller slipstreem, 

x = rp 
xs = r s / R  

t 
f t /sec 

- free-streaE static temperature outside  propeller slipstreem, 

bB stagnation  temperature r i s e   i n   p rope l l e r  slipstream, OF 

p blade engle, deg 

OF absolute 

1 

U 7 r a t i o  of specific heats, 1.4 
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7 '  propeller  section  efficiency 

P density of a i r ,  slugs/& 

Subscripts : 

I local  conditions 

m free-stream conditions 

S Fertains   to  survey rake 

TEST EQUIPMENT 

Resewch  Vehicle 

NACA RM L55121 

The propeller flight tes t   vehicle  is a McDonnell XF-8811 airplane 
modified by instal la t ion of a turboprop  engine in   t he  nose (f ig .  1) . 
The test   vehicle is capable of Mach numbers i n  excess of 0.9 i n   l e v e l  
f l igh t  and capable of reaching  supersonic Mach numbers i n  shallow  dives. 
The perfarroance  of the test vehicle is essentially independent of the 
characteris-tics  of  the test  propeller  configuration.  General  specifi- 
cations  of the test  vehicle are as follows: 

Length, f t  . . . . . . . . . . . . . . . .  
Wing span, f t  . . . . . . . . . . . . . .  
Wing area, sq f t  . . . . . . . . . . . . .  
Wing aspect   ra t io  . . . . . . . . . . . .  
Wing sweepback angle, deg . . . . . . . .  
Primzry power plants (two) . . . . . . . .  

Gross  weight, l b  . . . . . . . . . . . . .  

Propeller power plant . . . . . . . . . .  
Propeller  rotational  speeds  available, rpm 
M a x i m  allowable  propeller  diemeter, f t  . 

. . . . . . . . . . .  58 . . . . . . . . . . .  22,200 . . . . . . . . . . .  39.7 . . . . . . . . . . .  350.0 . . . . . . . . . . .  4.49 
35 . . .  J-34-WE 34 je t  engines 

. . . . . . . . . .  m - 3 ~ ~ ~ 5  . . . .  1,700, 3,600, 6,000 

. . . . . . . . . . .  
with afterburners 

. . . . . . . . . . .  10 

The three  propeller  rotational  speeds  available me obtained by inter-  
changezble  gear  boxes. In   the  tests reported on herein, t h e  gear box 
for  3600  rpcl was used. 

Instrumentation 

Slipstream  survey measurements.- A slipstream-survey rake was 
mounted  on each side of the airplane nose; the pressure  probes were 
located 0.6 propeller  diameter  donstrean; of the  propeller  plane; and 
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the temperature  probes w e r e  located 0.7 propeller diameter downstream. 
Each survey  rake  consisted of a streemlined  strut, on which were mounted 
23 to ta l -  and static-pressure  probes end 10 resistance-ty-pe t o t a l  temp- 
erature thermometers. The probes  are  alined on and p m a l l e l  t o  the 
proseller  thrust   axis.  The locations 03 the pressure  probes and ther- 
nometers aze presented i n  table I. A photograph of the ins te l la t ion  is 
sh0.m i n  figure 2, snd a sketch of a typical  probe is shown i n  figure 3.  

* 

T'le total   pressure and s t a t i c   p re s su re   i n  the propeller  slipstre- 
was neasured by the individual  survey  probes,  referenced. t o  %. probe 
located  sufficiently outboard as t o  be out of the  influence of the s l ip-  
strean. Tzxe  values of pressure were measured i n  f l i g h t  w i t h  a d m  
60° spherical spinner with  the  propeller removed. All pessure meas- 
urements used i n  this pzper  for  determination of efficiency were obtained 
suff ic ient ly  outboard so tht no tare corrections were necessary. The 
slipstreen-survey  pressure  system has an appreciable ti= lag; however, 
it was possible  to  obtain the  data of this paper i n   l e v e l  flight so 
tkt lag  corrections were unnecessary. 

The s tagnat ion-temperate  rise i n  the propeller  slipstreem was 
- measured u t i l i z ing  resistaxe buXo thermometers. The thermometers were 

miniature  versions of the bulb of reference 4 and  otherwise  differed 
o n !  i n  nounting of the resistance winding. The resistance winding w a s  

I. wr.z;ped around a copper cylinder  having  0.001-inch w & U  thickness. 

!The resistance bulbs were nounted on thin  streamlined struts 
at tached  to  the bottom of the right and left  survey rekes, a t  10 radial 
locations,   in the propeller  sl ipstream  (fig.  3 and t=ble I) . TWO ref- 
erence bulbs, one fo r  each set of rake bulbs, w a s  located  unaerneath 
the r igh t  wing of the airplane  (outside the propeller  slipstream). The 
temperature  measuring  system  incorporeted a Wheatstone bridge in which 
the refereDce resistance bulb w a s  balanced elternately wlth each of the 
resistsnce bulbs on the survey rake. The difference i n  r e s i s tmce  between 
the reference and rake bulbs was  ca l ibra ted   d i rec t ly   in  degrees Faren- 
heit fo r   vdues  of t o t a l  stream temperature expected 211 f l i g h t  and w a s  
recorded on an oscillograph.  In  order  to complete the system, another 
temperature bul'o was located  alongside %he referecce bulbs t o  neasu-re 
free-stream  total  tenperature. 

Flight  calibration of terqerature system.- The recove-ry factor  and 
time lag a t  sea leve l  of the temperature bulbs w a s  detemined from lab- 
oratory  calibration  to be approximately 99.5 'r 0.5 percent end. 0.5 sec- 
ond a t  a h c h  number of 0.77. A f l ight   cal ibrat ion of the system 
without a propeller  instelled was performed t o  determine  difference i n  
recovery  ?actor between the  iniiividual thermometers  and the reference 
thermometer. This ca l ibra t ion   resu l te&  in  a texperature  distribution 
which deviated from zero as a result of the  difference  in  recovery 

c 
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factor  and  difference 
the  reference  bulb. 

- NACA RM L57I21 

in local  Mach nurrioer  at  the various rake  bulbs and 

A typical  radial  distribution of temperature  rise  in  degrees 
Farenheit  as a function  of (rs/R)2 is shown in  figure 4 for bkck num- 
bers  of 0.66 and 0.94. Tne  temperature  distortion  indicated  by  the 
inboard  measurements (from (rs/R) = 0.7 inboard)  is  due to the wake of 
the large 60° spherical  spinner.  This  distortion  results  from  the  radial 
conduction of heat  and is a usual  phenoxenon  in a boundary  layer  where 
the  wall  teqerature  is  higher  than  the  static  temperature.  The  extent 
of this  distortion  is,  however,  very  large.  Measurements  of  temerature 
rise  in  the  inboard  region have not been  used  in  this  paper  for  effi- 
ciency  determination  because  of  the  difficulty  in  experinental  deter- 
mination of the  effective  recovery  factor.  The  deviation of the 
temperature  measurements  from  zero  has  been  considered  as  being  due 
to  diZference  in  recovery  factor.  The  flight  calibration was obtained 
for  Mach  numbers  up to approximately 0.80. The  indicated  recovery 
factors  were  constant  up to this  Mach  number  and  were  assumed  constant 
for  all  higher  Mach  numbers  used  in  this  paper. A further  limitatton 
on  the  use  of  the  temperature  meesurements,  at  the  present  time, - 
restricts  its  use to conditions  where  there  is  no  appreciable  change  in 
temperature  with  time. 

I 

General  airplane  instrunentation.-  The  source of static  and  total 
pressure  for  the  airspeed  system  was a high-speed  pressure  tube  mounted 
one  tLp  chord  ahead of tine right  wing  tip of the  airplane.  The  impact 
pressure  and  static  pressure  were  recorded  with a steneard  NACA  airspeed 
recorder.  This  airspeed system is  accurate  to 0.005 in  Mach  number for 
Mach  numbers  up to 0.97. 

Test  Configuration 

The  test  configuration  consisted  of  three  blades an& a 60° spher- 
ical  spinner  (figs. 1, 2, and 5). Blade-form  curves  are  shown  in  fig- 
ure 6. The  progeller  is 7.2 feet  in  diameter  and  is  essentially a 
0.6-scale  model of a 12-foot-dimeter  propeller  designed to operate at 
an ativanca  ratio of 2.2, fomrd Mach  number of 0.95, and an  altitude 
of 40,000 feet.  The  power  coefficient  during  the  tests was approximately 
0.21, which  corresponds to about 80 percent  of  the  design  power  coeffi- 
cient  of 0.26. These  blades  incorporate NACA 16-seCies  symnetrical 
afrfoil  sections.  The  solidity of the  propeller is 0.154 at the 
0.7 radial  station. 

The propeller WELS tested  in  conjunction  with a sgherical spinner. 
This typ of spinner,  in  which  the  contour  at  the  blade-spinner  junc- 
ture  is  sphericsl,  is  used  in  the  research  program  to  obtain a xechan- 
ically  simple  blade-spinner  seal  and  to  meintain  an  essentially 
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constant  juncture geometry  under all conditions of operation. The 
spherical  spinner produces high induced velocit ies  in  the  plane of the 
propeller (ref. 5 ) ,  whereas the blades w e r e  designed to  operate with a 
spinner  producing  relatively low induced velocit ies.  In this respect, 
therefore, the test  configuration may not  represent an optimum design. 

T e s t  Procedure 

'Be tes ts   reported on herein were obtained i n   l e v e l  flight at 
20,000 feet .  The turboprop w a s  a i r -s tar ted at  5000 f e e t  t o  a id  i n  the 
climb t o  20,000 feet .  The propeller was adjusted to  govern at 3500 r p m  
(corresponding t o  97-percent rated turbine speed) and turbine inlet tem- 
perature set a t  790° C t o  8oOo C. This value of turbine inlet temperature 
correspollaed t o  near maximum operating  conditions. The airplane was 
accelerated  to  the maximum test  Mach number of 0.9 by means of increased 
main j e t  power and afterburner  operation. 

or 

Section Power 

Section power w a s  determined f r o m  the  stagnati-on  temperature  rise 
and pressures in  the slipstream by using the general  energy  equation: 

p = cp(PAVZW (1) 

If an annulus  element dA is considered md the mass flaw arranged i n  
terms of quantities measured by the slipstream survey,  the  equation is 
as follows: 

In  determination uf mass flow, the free-stream  static  temperature 
was used instead of local s t a t i c  temperature tz. The use of the  free- 
stream s t a t i c  temperature  results i n  a maxim error  of 0.5 percent. 

The reke surveys a l i n e   i n  a plane of the slipstream that i s  not 
exectly  perpendicular t o  the slipstream because of the rotation. No 
correction  for this angulmity has been applied to   the  mass flow. 



IncreKectai  sawer i s  considered t o  be accurate t o  23 percent 8 s  a result 
of the  assuKptions  involved in  nass-flow determination and temperature 
recovery  factor. 

Elenectal tk?rust.-  Elemental thrust  was determined f i o m  measure- 
ments of total-pressure rise in  the  s l ipstream  in  conjm-ctior- with free- 
stream conditions. From reference 6 the  eqmtion f o r  incremental  thrust 
is 

Under  condlTZons of survey  covered by t h i s  paper t h i s  equa%ion- can 
be reduced to   the  short-Tarm  equation, also found i n  reTerence 6,  

/c 
\ / /  

Section  values of thrust  were calculated! by both  short a! long forms 
and were found to agree  within  tne  accuracy of the rreasurements. Conse- - 
quently, the section  thrusts of this pa9er hzve been calculated by the 
sho-rt-Torn equation. A s  the total-presswe  probes  are  insensitive t o  
smll c h g e s   i n  zxtgle, the  thrust   calculated  in this fashion does  Eot 
accomt for rotatfon of t5e slipstrew.. This correction, as was used 
in  this pper, i s  a k c t i o n  of the power &nd c m  be expressed as 

Section  thrust deteraimed from the  slipstream  survey i s  considered t o  
be  accurate to f2.0 percent; th+s  sccuracy results primarily from 
instrmentation mCi data-reductim  accuracy. 

I 
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Section  EfXciency 

Propeller  efficiency i s  t h e   r a t i o  of th-zust  produced t o  power 
absorbed trmes the t rue speed of the airplane.  Section  efficiency  can 
be d e t e d n e d  f r o m  eqmtions (2) and (6) a d  the  velocity of the 
airplane. 

TD-e section  thrust  md power for  determination of section  efficiency 
must be the  values that resresent the same radizl element of the   s l ip -  
stre.m and reyresent  the  average of r igh t  and l e f t  survey messurements. 
The thermoneters are locate6  far ther  downstrean tha" the  pressure  probes 
and t'ne plen form of the  fuselage nose has appreciable  slope, as shown 
i n  figure 7. A s  e result of this, it i s  necessary t o  sh i f t   t he   t emp  
eratuze  distribution outboard 0 . 0 5 ~ ~ ~  to represent the sene section of 
the slipstream. The section  efficiency i s  considered t o  be accurate 

acccracy of the - i h rus t  and power measurements. 
- .  t o  approximately *3 percent; t h i s  accuracy is  based primerily or- the 

.. 
RESULTS -hi DISCUSSION 

Variatiocs  in  section  efficiemy at  a selected radial stetion, 
advance r s t i o ,  and t i p  Mach  number f o r  forward Mach numbers  up t o  0.9 
are  shown in  f igure 8. The blade  section  efficiency a t  an xs2 of 0.8 
for a forward Mach nunber of 0.9 i s  82 percent. A t  th i s   po in t  the 
advance r a t i o  i s  very  nearly  the  design  value of 2.2, t h e   t i p  Mach nun- 
ber i s  1.57, me the  power coefficient i s  0.21. 

i Thrust-distribution  curves  plotted as total-pressure rise agEinst 
xs2 l o r  the  blade  design are shpn i n  figure 9 .  Tnese dis t r ibut ions 
are of a mooth  w-iform  shape and me similar to those produced by an 
efficiently  operating  subsonic  propeller. There are no dips  character- 
i s t i c  of thrust  breakdown experienced by subsonic-type  propell,ers  oper- 
a t ing  with t i p  Mzch  number in the region of YEch nunber 1.0. The 
distributions  in  the  inboard  regions are coxpliceted by the wake of the 
large 60° sphericd  spinner.  A s  reported  in  reference 5, the  flow was 
sufficiently  disturbed by the d m  spinner so &s t o  c&use the  eirplane 
t o  buffet  a t  Mach nurnbers'%bove 0.71. T a r e  values  obteined w i t h  the 
hrr.my nomotating  spinner are shorn- to   ind ica te  a qwl i ta t ive   p ic ture  

curves indicate  the  sresence  of  flow  disturbances %oo large t o  permit 
reliable tb-zust aeasurernec-ts iI?- this  region. 

u of the  spimer  effects  as Eeasurec by the  survey rekes. These t a r e  

- 
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Temperature distribution  curves axe shown in  f igure 10 for  the 
range of f l i g h t  Mach numbers of the test. These curves are  proportiond 
t o  the power distribution. From known engine  operating  conditions,  the 
power was  e s t i m t e d   t o  be approximately 1800 horsepower. This power cor- 
responds t o  a power coefficient of 0.21 which i s  approximately 80 percent 
o l  the  design power coefficient of 0.26. Note that the  characterist ic 
difference in thrust   d is t r ibut ion  levels  between the   r igh t  and l e f t  SUT- 
vey due to   inc l ina t ion  of the thrust  axis is  also  evident  in  the tew- 
e r a t u e   d i s t r i b u t i o n  curves.  There is  a l so  an ef fec t  of the  lasge 
60° spherical  spjnner  in  the  inboard  past of the   t eqera ture   d i s t r ibu-  
t ions.  The temperature  distributions with propeller removed and dummy 
spinner on are shown i n  figure 4. 

Because of the uncertainty  in  applying tare curves for   both  total  
pressure and tenperature  distributions,  the  section power and thrus t  
values are calculated only for  values of  xs2 from 0.6 on. From these 
values of thrust  and power the section  efficiencies can be calculated. 
Distribution  of  section thrust, power, and section  efficiency  for  val- 
ues  of  xs2 from 0.6 t o  1.0 are shown i n  figure 11 for  a range of Mach 
numbers t o  0.9. The  power distributions were shifted  inboard by a value 
of x$ of 0.05 t o  account for   the  difference  in  the position  of the 
fuselage side at the two survey  planes. I n  the extreme outboard  range 
there may s t i l l  be some rnisalinement as i n  t h i s  region the slope of the 
total-pressure rise and temperature rise is  high, and a s m a l l  radial 
s h i f t  can  cause an appreciable change i n  value of sec+ion  efficiency. 

The values  of  section  efficiency agree w e l l  with theoretical  values 
obtained by using  calculated  values of maximum lift-drag ra t io .  For 
example, a t  a forward Mach  number of 0.9, the section Mach  number at 
xs2 of 0.8 i s  Mach  number 1.5. For t h i s  Mach  number a maxim l i f t -  
drag  ra t io  of 11 is  calculated  for a section  having a thic-hess   ra t io  
of 2 percent.  This  value  of  lift-drag  ratio produces a section effi- 
ciency cf 83 percent. The measured value of section  efficiency is 
82 percent as shown in figure 8. Figure l l ( g )  shows,  however, that an 
efficiency of 83 percent w a s  attained a t  a value  of xs2 of 0.85. Con- 
sequently,  the  experhental  values of section  efficiency tend t o  bear 
out  theoretically  calculated  values and these values, in general, show 
high efficiency a t  high subsonic  forward Mach numbers. 

CONCLUDING R W G  

Fl ight  tests on 2. shpersonic-type  propeller  designed  for a forward 
Mach  number of 0.95, advance r a t i o  of 2.2, and power coefficient of 0.26 
show good section  efficLencies. A m a x i m u m  section  efficiency of 83 per- 
cent was measured a t  a forwmd Mach  number of 0.9. 'Thrust distributions 

I 
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over a range of Mach numbers t o  0.9 are smooth  and uniform; such a s -  

ciencies  reported  herein ver i3   theoret ical   calculat ions.  
- tr ibutions  are  indicative of efficient  operation. The section  effF- 
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TARLE I 

MKE STATION LOCATIONS 

[ T o t a l  and static pressure  probes a-L d l  stations] 

number 

1 
2 
3 
4 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18  
19 
20 
21 
22 
23 

rs, in. 

23 30 
24.50 

29.20 
27.40 

31.00 
32 .OO 
34 .10 
35 60 
37 -00 
38.40 

41.00 
42.30 
43 50 
44.70 
45.83 
46.90 
48.00 
50 .oo 
51. 50 
53 50 
55 50 
57 - 50 

39 70 

o .291 
.322 
.402 
-457 
515 
549 

.623 
679 
734 
790 
843 . go1 
959 

1.014 
1.071 
1.124 
1.1-79 
1.235 
1.340 
1.421 
1 334 
1.631 
1.772 

Tnermometer 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Location of fuselage  side 

.283 23.9 A t  line of thermomters 
0 9235 20.9 A t  line of pressure  probes 

r, in. 

- 
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! 

Figure 1. - Photogra9h of f l i g h t  test vehicle. L- 87394 
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Figure 3.-  Sketch of a t n i c a l  slipstream survey probe. A11 dimensions 
are i n  inches. 
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for Vach numbers of 0.66 m d  0.94. 
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Figure 5.- Photogrzph of test ConfiguratAon showillg propeller bledes 

an6 60° spherical spinner. 
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Figure 6.- Charecteristics of propeller  blades. 
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Figure 7. - Schematic diagram of rake-survey arrangement. 
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Figure 8.- Section efriciency,  advance  ratio, and t i p  Mach number for 
several values of forward Mach number fo r  the test propeller. Values 
of q z  are for xs2 = 0.8. 
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(a) M = 0.60. 

Figure 9.- Distribution of total-pressure rise measured in   the  propel ler  
s l ipstrem.  Propel ler  and 60° spherical  spinner on propeller  research 
vehrcle . 
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Figxce 9.  - Continued. 
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Figure 9.- Continued. 
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(g) M = 0.90. 

Figure 9.  - Concluded. 
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Figure 10.- Distribution of total-tenperatwe rise measured i n  the  propeller 
slipstream.  Propeller and 60° spherical spinner on the  propeller reseerch 
vehicle. 
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Figure 10. - ConLiaued. 
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Figure 11.- Distribution of sec%ion  thrust and power, and section effi- 
ciency, fo r  +,he propeller. 
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